In this work, the homogeneous and heterogeneous degradations of diphenamid (DPA) in 15 aqueous solution were conducted by direct photolysis with UVC (254 nm) and by 16 photocatalytsis with TiO 2 /UVA (350 nm), and the experimental results were compared. It 17 was found that the homogeneous photolysis by UVC irradiation alone was quite efficient to 18 degrade DPA up to 100% after 360 min, but was very inefficient to mineralize its 19 intermediates in terms of dissolved organic carbon reduction of only 8%. In contrast, the 20 heterogeneous photocatalysis with TiO 2 /UVA showed relatively a lower degree of DPA 21 degradation (51%), but a higher degree of its mineralization (11%) after 360 min. These 22 results reveal that the photocatalysis process has relatively poor selectivity to degrade 23 different compounds including various intermediates from the DPA degradation, which is 24 beneficial to its mineralization. In addition, over 20 intermediates were identified by LC-MS 25 and 1 H-NMR analyses. Based on the identified intermediates, the reaction mechanisms and 26 the detailed pathways of the DPA degradation by photolysis and photocatalysis were 27
32
1. Introduction 33 34 Diphenamid (DPA) as a pre-emergent herbicide is widely employed for control of annual 35 grasses and broadleaf weeds in tomato, potato, peanut, and soybean plants (Schultz and 36 Tweedy, 1972; Sirons et al., 1981) . This substance does enter the environment under normal 37 use or through inappropriate disposal and is harmful to aquatic organisms. Therefore, the 38 investigation of remediation treatments of polluted waters containing trace amounts of 39 herbicides is of environmental interests. 40
In the past decades, research on the photochemical degradation of DPA in aqueous 41 solution has progressed quickly because of the high efficiency of mineralization under the 42 mild operating conditions (Rosen, 1967; Schultz and Tweedy, 1972; Rahman et al., 2003) . 43 For example, Rosen (1967) Table 1 ] 134
135
The two sets of experiments in aqueous DPA solutions without TiO 2 film at pH 3.5, 7.2 136 and 9.6 were first conducted under UVC and UVA illumination, respectively for 360 min. 137
The experimental results are shown in Table 1 . It can be seen that while the direct photolysis 138 with UVA showed almost no reduction of DPA after 360 min at three pH values, the direct 139 photolysis with UVC showed that, DPA was degraded by 100% after 360 min at pH 3.5, 7.2 140 and 9.6, but the corresponding DOC was only reduced by 11, 8 and 9%, respectively. These 141 results indicate that DPA cannot be degraded by direct photolysis under UVA illumination 142 (350 nm) because of its main light absorption at ~260 nm, but it can be excited by UVC light 143 (254 nm) and then quickly degraded through direct electron transfer reaction. However, the 144 direct UVC-photolysis had poor mineralization when the DOC removal is considered to 145 reflect the degree of mineralization. The effect of pH on DPA degradation indicated that DPA 146 was degraded from fast to slow in an order of pH 3.5 > 9.6 > 7.2. It can be attributed to the 147 unique ionic states of DPA under acidic and alkaline conditions. Both the acidic and alkaline 148 conditions favored UV absorption by DPA ( Fig. SM-2) , resulting in faster homolytic or 149 heterolytic breakages in the DPA molecules. With the further photolysis reaction, some acidic 150 products were formed from the DPA degradation. 151
152
To conduct a photocatalysis reaction without direct photolysis, aqueous DPA solution in 153 presence of TiO 2 film was irradiated by the UVA light in the wavelength range of 318-400 154 nm under different pH conditions and the experimental results are also presented in Table 1 .
It can be seen that at pH 3.5, DPA was degraded by 63% and DOC was reduced by 13% after 156 360 min whereas at pH 9.6, DPA was degraded by 42% and DOC by 8%. These results 157 indicate that DPA can be degraded by the photocatalysis with TiO 2 /UVA, but more slowly 158 than that by the photolysis with UVC. Furthermore, it was found that under acidic and neutral 159 conditions, the DOC removal by the photocatalysis (13 and 11%, respectively) was higher 160 than that by photolysis (11 and 8%, respectively). These results might indicate that 161 photocatalysis process has poor selectivity for degrading different intermediates from the 162 DPA degradation, which is beneficial to DPA mineralization, especially under the acidic 163 condition, while the direct photolysis showed the relatively lower DOC removals. 164 165
Mechanism of homogeneous and heterogeneous DPA degradation 166
TiO 2 -based photocatalysis is well known to produce •OH radicals in water, through the 167 interface oxidation of hydroxide anions or water molecules adsorbed on the semiconductor 168 surface by the holes photogenerated in the valence band of semiconductor. positional isomers generally occurring in the MS analysis alone. Table 2 and Table SM Table 2 and other 213 products 8-21 were shown in Table SM In this paper, both positive and negative ion full-scan mode experiments over the mass 218 range from m/z 50 to 400 were used to determine the m/z of the individual components 219 related to DPA and its degradation products, as shown in Fig. 1 . For comparison, the 220 fragmentation pattern obtained from photolysis ( Fig. 1a ) was analogous to that of TiO 2 -221 photocatalysis (Fig. 1b) , for the most part, and supports the assigned structure (see Table 2 ). 222 
Degradation pathways 288
The results in Table 2 Identified in organic extracts only. The NMR spectra of organic extracts were not showed in the present paper. 
